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Abstract 
The Imperialist Competitive Algorithm (ICA) is used in optimal design of a thin resistant interphase layer for several temperature distributions on 
a specimen. In applications of interphase layers, the components of thickness and heat source are very important and they are assigned as multi-
objective optimization design functions. The results of ICA are then compared with Finite Element Method (FEM) and another optimization 
method, the Genetic Algorithm (GA). The ICA results show good performance in optimal design of thin adhesive layers.  
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1. Introduction 
Thin interphases have been increasingly used in important parts of scientific processes and components [1]. An 
inhomogeneous structure consisting of interphase layers may exhibit a wide variety of thermal and mechanical 
properties. As an example, adhesive layers allow for high quality joining of materials with essentially different 
properties. Different areas about thin interphase layers were investigated by [2, 3, 4, 5] 
Global optimization methods have been used to solve many problems in science and engineering, such as data 
analysis [6- 8], material design [9- 10], chemistry [11] and many others. Evolutionary algorithms [12- 13] have been 
widely proposed for solving global optimization problems. Im et al [14] described the optimization procedure using 
the finite element analysis and the sequential unconstrained minimization technique. 
The ICA is a new evolutionary algorithm for optimizing a wide variety of problems. ICA was first proposed by 
[15] who used it to solve a continuous optimization problem.  
In the present paper, an optimal design is investigated on a thin resistant interphase layer, by using ICA, with 
linear temperature source. The interphase, with several thermal distributions, forms a layer in a hybrid model 
structure (see Fig. 1). The results are then compared with finite element method and another optimal method based 
on Genetic Algorithm (GA). 
 
2. Problem Formulation 
Consider a plane problem domain with a thin adhesive layer between two different materials (Fig. 1). The 
adhesive layer is assumed to be very thin and two materials are applied at the top and the bottom of the adhesive 
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layer in the same element size. The top and the bottom layers temperature can be expected to be relatively 
independent of the bonded thickness. This paper investigates three cases of boundary conditions. The cases are 
meant to set temperature distribution at the top (y = +H/2), at bottom (y = -H/2) and part of the surface along the x-
axis. The first case is a constant temperature distribution (CTD) along the x-axis. The second case is a linear 
temperature distribution (LTD) and the third case is a parabolic temperature distribution (PTD). 
 
 
Figure 1: Specimen in heat conduction problem 
The differential form of Fourier's Law of thermal conduction shows that the heat flux, q , is equal to the product 
of thermal conductivity, k, and the negative temperature gradient, T . The heat flux is the amount of energy that 
flows through a particular surface per unit area per unit time [17], 
  q k T                                                                                                                                      (1)   
 The total thermal resistance from the bottom and the top layers to ambient air can be expressed as the resistance 
across the thickness of the adhesive layers: 
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where k is the thermal conductivity, A is the area of the surface. The adhesive layer, the bottom and top layers are 
shown with adh, BL and TL indexes, respectively. The temperature rise at the top and bottom surface can be 
normalized with a maximum allowable temperature difference T' , as: 
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where Tf  is defined as the temperature at which failure occurs. The bottom layer temperature can be rewritten in the 
following form: 
)
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3. Finite Element Modeling 
In this section the FEM is engaged to validate the optimization results. The commercial finite element code 
MSC-Marc is used for the simulation of thermal behaviour of a thin interphase layer located between two similar 
adherents. The bonded fibre-reinforced adherents have mechanical properties, Young’s module 66500 rE MPa 
and Poisson’s ratio 23.0 rX . The thermal properties of the adherents are, conductivity 237 rk w/(m.k) at 300°K,  
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mass density 8.2598 rU  kg/m3 and specific heat 2.898 rc  J/(kg.K°). The thin interphase layer is made of an 
epoxy resin with properties 2.0~  k w/(m.k), 1200 U  kg/m3 and 790 c  J/(kg.K°) and exhibits different linear 
temperature dependence of the source. The geometrical dimensions are L = 10 mm, H = 1 mm and 2h = 0.01 mm. so 
that the value of the small parameter can be estimated as 2h / H = 0.01. 
 
 
 
 
 
 
 
Figure 2: Two-dimensional finite element mesh 
The 2D finite element mesh consists of four-nodes (see Fig. 2), isoparametric elements with bilinear interpolation 
functions. The source or sink formulation is implemented by means of a special user subroutine written in 
FORTRAN. The application of this program requires a transient solution in order to incorporate the source 
expression. 
4. Imperialist Competitive Algorithm 
Imperialist Competitive Algorithm (ICA) is a new evolutionary algorithm based on the human socio-political 
evolution. The algorithm starts with an initial random population called countries. Some of the best countries in the 
population are selected to be the imperialists and the rest form the colonies of these imperialists. In an N 
dimensional optimization problem, a country is a 1×ܰ array. This array is defined as,  
ܿ݋ݑ݊ݐݎݕ= ݌1, ݌2,…,݌ܰ                                                                                                                        (5)  
The cost of a country is found by evaluating the cost function f at the variables (݌1, ݌2,…,݌ܰ). Then,  
ܿ݅=݂ (ܿ݋ݑ݊ݐݎݕ)݅ =݂ (݌݅1, ݌݅2,…,݌݅)ܰ                                                                                                   (6) 
The algorithm starts with N initial countries and the ܰ݅݉݌ best of them (countries with minimum cost) are chosen 
as the imperialists. The remaining countries are colonies that each belongs to an empire. The initial colonies belong 
to the imperialists in convenience with their powers. To distribute the colonies among imperialists proportionally, 
the normalized cost of an imperialist is defined as, 
ܥ݊=݉ܽݔ{ܿ݅}−ܿ݊                                                                                                                                   (7)  
where cn is the cost of the nth imperialist and Cn is its normalized cost. Having normalized the cost of all imperialists, 
the normalized power of each imperialist is defined by: 
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The initial colonies are divided among empires based on their powers. Then the initial number of colonies of the 
nth empire will be: 
N. C n = round {pn  . Nc}                                                                                                                      (9) 
where N. C n is the initial number of colonies of the nth empire and Nc is the number of initial colonies. To divide 
the colonies, N. C n of the colonies are randomly chosen and given to the nth imperialist. These colonies along with 
the nth imperialist form the nth empire. 
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The imperialist countries absorb the colonies using the absorption policy. The absorption policy (shown in Fig. 2) 
makes up the main core of this algorithm and causes the countries to move towards their minimum optima. The 
imperialists absorb these colonies in line with their power, as described by Eqn. (10). The total power of each 
imperialist is determined by the power of both of its components, the empire power and percentage of its average 
colonies power. 
C.Cn =cost function (imperialist n) + λ mean {cost (colonies of empires n)}                                   (10) 
where C.Cn is the total cost of the nth empire and λ is a positive number which is considered to be less than one.  
ݔ~ܷ (0, ߚ×݀)                                                                                                                                     (11)  
In the absorption policy, the colony moves towards the imperialist by an amount x unit. The direction of 
movement is the vector from colony to imperialist, as shown in Fig.2. In this figure, the distance between the 
imperialist and colony, shown by d and x, is a random variable with uniform distribution. ߚ is a number, greater than 
1 and nearer to 2. So, a proper choice is ߚ=2. In the present implementation, ߛ is ߨ/4 (rܽ݀). The deflected direction 
of colony movement is, 
ߠ~ܷ(−ߛ,ߛ)                                                                                                                                        (12) 
In ICA algorithm, to search for different points around the imperialist, a random amount of deviation is added to 
the direction of colony movement towards the imperialist. In Fig. 2, this deflection angle is shown as ߠ, which is 
chosen randomly and with a uniform distribution. While moving towards the imperialist countries, a colony may 
reach a better position, so the colony position changes according to the position of the imperialist.  
 
Figure 3: Illustration of colonies moving toward their imperialist. 
 
After a while all the empires except the most powerful one will collapse and all the colonies will be under the 
control of this unique empire.  
5. Optimization Problem 
Reference [16] shows the details of the heat-conduction problem. In this section, the same objective function as 
[16] is chosen. The ability of ICA is to be compared with finite element method (FEM) and genetic algorithm (GA) 
in the optimization solution. The flowchart of this algorithm is shown in Figure 3. 
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Figure 4: Illustration of imperialist competitive algorithm (ICA) [15] 
To obtain an optimal design which considers both heat source and thickness of adhesive layer, the objective 
function is defined as follows [16], 
    21 ,...,.,...,),...,( 111 OOW IK nnn xxxxxxJ                                                                    (13)      
where 1O , 2O are constant and nxx ,...,1 are design variables. When efficiency is more important than power 
factor, 11  O , 02  O  are selected. When source factor is more important 01  O , 12  O are selected. By 
considering 121   OO both efficiency and source factor will be optimize simultaneously. 
In this optimization problem the goal function is the inverse of Equation (13).  The optimization variables are the 
thickness of the layers. After finding the optimal thickness, the upper and lower components of heat flux on the 
interface   qq , and the upper and lower temperatures on the interface   TT ,  can be evaluated. 
6. Results and Discussion  
This Figures 5 show the temperature distribution along the y-axis, in the interphase (x = 0) where there are linear 
temperature distributions while at the same time a heat source (Q0 > 0) is set along the interphase. Fig. 6 shows the 
results for parabolic temperature distribution along y-axis in the interphase (x = 0). 
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Figure 5: Temperature distribution along the y-axis in the interphase, for linear temperature distribution 
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Figure 6: Temperature distribution along the y-axis in the interphase, for parabolic temperature 
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Figure 7: Comparison of ICA with GA and FE analysis – heat flux in interphase layer for constant temperature distribution 
Figures 7 illustrates the comparison between finite element analysis with optimal design based on ICA and GA, 
for non-monotonic heat source to the interphase layer with constant temperature distribution applied to the upper 
and lower interface surfaces.  
7. Conclusion  
The present work demonstrates that the new optimization procedure Imperialist competitive algorithm (ICA) is 
able to reproduce the same results at the classical approach which is based on the finite element method. The 
comparison shows that the excellent prediction by ICA makes it a viable tool for optimizing heat-conducting 
problems on adhesive layers. Future works would include analysis and simulation of thin reactive interphase layers 
and optimization based on genetic algorithm and colonial competitive algorithm. 
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